2',3'-O-(2,4,6-trinitrophenyl)-8-azido-adenosine mono-, di-, and triphosphates as photoaffinity probes of the Ca2+-ATPase of sarcoplasmic reticulum. Regulatory/superfluorescent nucleotides label the catalytic site with high efficiency.
We have synthesized a new class of ATP photo-affinity analogs, 2',3'-O-(2,4,6-trinitrophenyl)-8-azido (TNP-8N3)-ATP, -ADP, and -AMP, and their radiolabeled derivatives, and characterized their interaction with sarcoplasmic reticulum vesicles. The nucleotides bind with high affinity (Kd = 0.04-0.4 microM) to the catalytic site of the Ca2+-ATPase. TNP-8N3-ATP and TNP-8N3-ADP, at low concentrations (less than 10 microM), accelerate ATPase activity 1.5- and 1.4-fold, respectively, indicating that they bind to a regulatory site. In the same concentration range, they all undergo a large increase in fluorescence ("superfluorescence") during enzyme turnover in the presence of ATP and Ca2+, or on phosphorylation from Pi in a Ca2+-depleted medium. Irradiation at alkaline pH results in specific covalent incorporation of the nucleotide at the catalytic site on the A1 tryptic subfragment. The efficiency of catalytic site labeling is greatest (up to 80% of available sites/irradiation period) in the presence of ATP, Ca2+, and Mg2+, conditions in which the probe binds only to the regulatory and superfluorescent sites. The covalently attached nucleotide exhibits fluorescence enhancement on enzyme turnover in the presence of acetyl phosphate plus Ca2+ or on phosphorylation from Pi in a Ca2+-depleted medium, but not in the presence of ATP plus Ca2+. The results suggest that the catalytic, regulatory, and superfluorescent nucleotide sites are at the same locus and that the binding domain includes portions of the A1 subfragment. The high efficiency with which the site is photolabeled during turnover is ascribed to water exclusion and possibly cleft closure in E2-P.